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ABSTRACT 


This thesis explains various analytical techniques uti- 
fazed during research work on the containerized export cargo 
transportation system at the Military Ocean Terminal, Bay 
Area, Oakland, California (MOTBA). A series of six computer 
programs were written in order to summarize data for a dis- 
tribution audit, while another two programs summarized the 
data generated from a container stuffing simulation model. 
The nature of the containerized export cargo transportation 
system is first described to provide a basis for the iden- 
tification of relevant variables. A distribution audit is 
then accomplished to analyze significant variables. Fol- 
lowing this, the simulation model provides data for an 
analysis of the variations and interrelationships among 
performance variables. The result of these procedures shows 
ЕШТЕ bile wave rage ασε ος cargo at stuff is determined by a 
combination of variables, each of whose significance is re- 
lated to the degree of activity at the container stuffing 


Station for an individual POD or consignee. 
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TABLE OF DEFINITIONS 


Break-Bulk Point - Overseas facilities that unstuff mixed 
cargo shipping containers and distribute the cargo to 
consignees. 

Checker, receiving - Employee of stuffing contractor who 
receives Cargo, signs source documents, matches and 
verifies acum ιο (CARDPACS) with cargo, and an- 
notates any discrepancies or omissions on CARDPACS and 
source documents. 

Checker, vanning - Employee of stuffing contractor who tal- 
lies cargo loaded into containers, collects and veri- 
fies CARDPACS, and prepares TCMD for van master and for 
Splits. 

Coder - CDD employee responsible for screening of source 
documents and for extracting and/or verifying data for 
Preparation of CARDPACS and for computer input. 

Consignee - Government facility or installation overseas 
that is final recipient of exported cargo. 

Consignor - Commercial vendor or DOD Depot that originates 
the shipment of export cargo. 

Gonsolidation Loading of a shipment unit by stuffing con- 

| tractor into a container, usually a seavan. 

ОЕ УЕП Е Eirm with responsibility by written 


con aei on Stu ting the containers. 
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Disposition - Refers to type of transaction which terminates 
MOTBA's accountability for the shipment. Normally refers 
to lifts, consolidations, and diversions. 

Diversions - Movement of cargo to a facility not in the 
manifesting responsibility of MOTBA. 

Expected Receipt Listing - Computer printout which lists 
TCMD information for each CARDPAC. Produced at the same 
time as the CARDPAC. 

Inventory, computer - Record created in the SURS files on 
submission of the receipt card. 

Inventory, physical - Inventory of cargo actually located 
on the warehouse floor. 

Job Bag - Envelope containing source documents, CARDPACS, 
ERL, and MOIBA Form 39A preparea by CDD at time oí pre- 
lodge and sent to CFD to await arrival of truck or 
ravlcar. 

Cte Loading ol cargo aboard a vessel. 

Load Sheet (MOTBA Form 18) - Listing, by TCN and picces, 

п ерассю) Sturing contractor or CFD for cach truck- 
load of shipments transferred or diverted from the ware- 
houses. 

ος ο Τον ο Form requesting production of the CARDPAC. 
May be placed in job bag by CDD to be filled in by 
receiving checker when information on source documents 
is inadequate. Also prepared by stuffing contractor 
to request CARDPAC for undocumented shipments. Used to 


poppesent the source document for telephone prelodge 
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Mc ornato on enroute cargo received via telecon 


with the delivering driver). 


- MOTBA Receipt Stamp - Stamp placed on back of source docu- 


ments for each shipment which has been prelodged. 


Signed by checker acknowledging piece count and condi- 


tion of cargo received. 


Segment - А shipment or part of a shipment if the shipment 


was split. 


Source Documents - The four documents, listed below, which 


are commonly used to account for cargo shipments. 


T: 
25 
on 
4. 


GBL - Government Bill of Lading. 


CBL - Commercial Bill of Lading. 


Dray Tag. 
TCMD - Transportation Control and Movement 
Document. 


οπής ο load cargo into shipping containers. 


ans ter Tatra facility movement ot cargo. MOTBA account- 


able for shipment movement. 


1. 





АЮВ], 
BBPV 
CDD 
CFD 
CFS 
CV 
ERL 
F 


MOTBA 


No. Ship. 


POD 
POE 
R 
R2 
SCP 


SE- DPV 


SERC 


SU 


TCN 


ИСС 


u 


WAMTMTS 


TABLE OF SYMBOLS AND ABBREVIATIONS 


- Average days between lifts. 

- Break-bulk point volume. 

- Cargo Documentation Division, MOTBA. 

- Container Freight Division, MOTBA. 

- Container Freight Station, MOTBA. 

- Consignee volume. 

ADS REESE pis Ein. 

EAU e. 

- Marine Ocean Terminal, Bay Area. 

- The number of shipments received by da COn- Inec. 

- Port of Debarkation 

= Port tol Embarkation 

- Regression coefficient of correlation. 

- Regression coefficient of determination. 

Siles tonms tenes Proportion. 

- Standard error of dependent variable (sometimes 
called the standard error of estimate). 

= Standard error of the regression coefficient(s). 

Sni pment ünit. 

= Average age ot cargo at stutf. 

- Transportation Control Number. 

ο ο) οἱ υπ ο cargo received in single consignee 
containers. 

к еш Ла топ ОГ carpo containers. 

- Western Area, Military Traffic Management and 
Terminal Service. 
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I. INTRODUCTION 


For years the War Department and then the Department of 
Defense has made extensive use of the high seas for the rap- 
id, inexpensive, and relatively secure transportation of the 
supplies and equipment necessary to maintain the overseas 
defense installations of the United States. As the American 
presence abroad has intensified in the twentieth century, so 
have the problems associated with the transportation of 
these vital materials. 

The maritime shipping industry, upon whom the Department 
of Defense relies heavily for the movement of its cargo, has 
experienced many changes in its methods of operation. As 
the shipping industry has adopted the containerization con- 
cept, DOD has been forced to comply with the modus operandi 
ΠΗ οοπε ο ιπετισαιποη for a high percentage of its ex- 
Dont caro rather than break=bulk Shipment in order to a- 
chieve the objectives of low cost, high volume shipping. 

The problems faced by the Defense Department during the 
transition to containerization are complex and difficult to 
grasp because of the numerous and varied elements involved. 
Io maxımıze the cost benefits in containerized shipping, it 
is essential that the Department of Defense examine all as- 
p ocPuucescontoduserzecdetrunsportatgon problem. The еле 
ment of the system isolated for study in this work is the 


ontan r stustıng station operation at MOTBA. 
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There are many performance measures that could be con- 
sidered when examining an operation as complex and diverse 
as the containerized stuffing operation. Опе factor, be- 
Cause of its importance in influencing the overall time de- 
lay in shipping from consignor to consignee, is considered 
Ότο το the maintenance of the desired shipping objec= 
tives. This factor is the age of cargo at stuff and it 15 
examined by various data analysis techniques in order to 
ascertain what, if any, relationships exist between it and 
ΠΊΕ relevant ассо Иоан тепсе the containerized 
export cargo transportation system's performance. 

This thesis is concerned with one aspect of the shipping 
problem faced by DOD. That is, the thesis attempts to an- 
swer the following questions: i) can one quantitativeiy 
evaluate the performance of the system given the raw data 
that is derived from actual operations at the stuffing sta- 
tion, and 2) given the system as it presently exists, what 
wM lluences the age of Cargo- at stuff. 

In arriving at answers to these two pertinent questions, 
three phases of data analysis were utilized: the distribu- 
tronfeudit for the dissection and examination of raw em 
the variation analysis to analyze the variations experienced 
Dy certain variables, and the regression analysis to deter- 
mine which of the variables influenced the age of cargo at 
ШЕПТІ: (пс latter two used for inputs the outputs of a 
Simulation model which through use of a modular concept and 
ποι Toutsnes allowed for the emulation of the container 


Stuffing statioj operation. 
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In conducting the Non audit, raw data, which 
contained information on approximately 44,000 shipments, 
was extracted from a four month operating period at the Con- 
tainer Stuffing Station, MOTBA, and systematically dissected 
by six computer programs into basic components that could be 
isolated for further examination. This audit identified 
important characteristics, e.g.,volume, weight, density, 
and number of shipments, on both a consignee and POD basis, 
of the cargo moving through the stuffing station. 

The variation analysis of variables was concerned with 
the range of values calculated by the computer program for 
the important variables which relate to the containerized 


stuffing operation, viz., the average age of cargo at stuff, 


possrersoe cube utilization of the cargo containers, and 
the single consignee proportion. The variation analysis was 
conducted on thirteen major PODs. By utilizing the simula- 
tion model and using six repetitions of the four months of 
data, information was generated which delineated results 

Eom twenty-four thixrty-day increments as well as the entire 
two year time span. 

The regression analyses were conducted using the average 
age of cargo at stuff as the dependent variable. A number 
of analyses were performed on various sizes or groups of 
Sonsignees., Іп producing a fit, the regression model uti- 
ized some of the following independent variables. They 
Отеш e proportion, by volume, of the: total POD cargo 


going to a single consignee; the consignee volume; the number 


po 





of shipments going to a consignee; the total volume in single 
consignee vans; the single consignee van proportion; the 
break-bulk point volume; the average days between lifts; and 
several transformations of these variables. 

E o e ate the overall concept of contalnerization, 
including its background and inception, as well as the MOTBA 
facility at Oakland, California, from where the raw data 
used throughout the thesis work was generated, it was deemed 
essential that such information should be included in the 
thesis. Chapter 11 is the vehicle used to convey this gen- 
eral information. 

The nature of the problem which the thesis answers is 
contained in Chapter 111 along with the identification and 
subsequent definition of the various performance measures 
examined. 

Ihe three phases, including the computer program that 
were used to conduct them, are discussed in detail in Chap- 
ter IV. The actual programs are found in the back of the 
515 in a separate appendix. 

ПОО Ү 15 concerned with the explanation of the re- 
sults of these three phases. The discussion includes the 
use of tables found in Appendix A as well as samples of the 
computer outputs of the various programs. These sample 
computer outputs are found in a separate section immediately 
preceding the Computer Program Section. 

Chapter VI is used to evaluate the three phases as to 


Geir stelevanee sand significance. It also is used to discuss 
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the validation, as well as the important advantages, of the 
simulation model. 

The concluding chapter, Chapter VII, is a brief summary 
that highlights the results obtained by the utilization of 
the three phases of the data analysis techniques. It also 
contains a short explanation of the possible importance of 
these results to those most concerned with the performance 
of the container stuffing station, the monitoring element 
at MOTBA, whose task it is to oversee the activity of the 
contractor, and the individual consignee, whose livelihood 
1s dependent upon the containerized export cargo transporta- 


tion system. 
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II. BACKGROUND 


A. HISTORY OF CONTAINERS 

The term "containerization' is a static one and denotes 
nothing more than the use of a container into which some- 
thing is put. This particular concept of packaging is not 
new; containers are as old as man. And yet, containers are 
as new as today, holding men and products as they cross a 
Бош тпеп ЕУ circle the world, or penetrate the vast reaches 
of outer space. Some serve sophisticated, specific pur- 
poses; some have a multiplicity of general uses, yet each 
has its own unique efficiency. | 

The significance of the term 'containerization' has 
phanged greatly since the turn of the century. Іп the 
years following World War II it was realized that improved 
handling of general cargo in and out and within the ship 
ΙΙ an economic necessity. Consequently, during the decade 
of the 1950's a great deal of money and effort was spent 
ο σσ σα τσ ot the problem. Thorough detailed studies were 
made of existing methods of handling break-bulk cargo, 
game tization forklift operation, improved cargo gear, 
l j ο 1 CUrdti1on, containers, etc. This research clearly 
demonstrated the costlines of existing cargo-handling meth- 
ods and pointed to various means by which improvements could 


be effected. 
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В. CONTAINERS AND THE SHIPPING INDUSTRY 

No single component of the transportation complex has 
been more affected by nor more responsive to the container 
concept than the steamship industry. The principal American- 
flag operators and many of their foreign-flag competitors 
have invested heavily of their corporate funds to obtain the 
specialized ships, the terminals, the road equipment, and 
the containers themselves, which this far-reaching program 
requires. 

Perhaps the most exciting challenge which containeriza- 
tion offers is to the 'status quo' by which old line methods 
and old line thinking must give way before the new concept. 
New laws, new documentation, new interline agreements and 
new handling methods are being devised every day. The em- 
phasis on intermodularity requires that management eliminate 
parochial thinking at every level of the transportation 
industry. 

Improved efficiency in cargo handling, more economical 
pemmunel handling, reduced requirements for terminal facil- 
ities, ànd improved protection for cargo against weather, 
damage, and pilferage are made possible by the development 
of container usage. Additionally, interchangeability be- 
tween modes of transportation and improved utilization of 
equipment are benefits made possible by the inception of 
containerization. The use of containers is the key to a 
whole new era in transportation in general and the shipping 


industry xn particular. 
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C. ΤΗΕ INCEPTION OF CONTAINERIZATION 

Modern containerization and the major breakaway from 
conventional cargo-handling systems in the maritime shipping 
industry dates from 1957 when Pan Atlantic Steamship Company, 
a forerunner of the present Sea-Land Service, Inc., installed 
container cells in the hold of the first of six conventional 
cargo ships and installed. special-purpose cranes aboard 
pops to load and unload eight-foot square, thirty-five feet 
long, twenty-five long ton containers. The containers were 
built with extra structural reinforcing to permit them to 
be stacked four high in the ship, and to be lifted at the 
four corners by a lifting device that was attached to the 
crane. Мем devices were developed to connect and lash the 
Pon talñne»ss on deck for the sea voyage. The gantry crane 
and its lifting device were built with the ability to place 
a container into any cell and to reach over the side of the 
ship to load and unload highway trailers on the quay. Each 
item of equipment was compatible with the other to form an 
integrated system. The first system was self-contained and 
could only expand through extension of its own facilities 
απα ποὺ through the use of others in a normal cargo inter- 
change. 

Early in 1959, Matson Navigation Company, serving Hawaii 
from the West Coast of the United States, inaugurated a 
major container operation also using equipment especially 
designed for handling containerized cargo. At the same time 


Matson moved to containerization, Grace Lines converted two 
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ships to cellular design to transport containers from the 
East Coast of the United States to South America. 
Containerization is the technical outgrowth of the un- 
derstanding that all forms of transportation have the same 
common purpose of moving cargo in the most efficicnt, ex- 
peditious and safe manner. The use of containers compels 
closer integration of the multi-mode transportation system, 
and a more integrated system that will best serve the public 


and the transportation industry. 


D. CONTAINERIZATION AND THE DEPARTMENT OF DEFENSE 

Commercial containerships have become the primary means 
for transporting United States Department of Defense (DOD) 
peneral ocean сагро in recent years. Many millions of dol- 
lars have been saved by the utilization of containers and 
containerships vis-a-vis the use of traditional break-bulk 
cargo ships. As with their commercial counterparts, con- 
tainerization has created some new operational problems for 
the DOD transportation managers responsible for the general 
ocean cargo destined for ports of debarkation (POD) and the 
individual overseas commands that they serve around the 
world. 

The segment 3 the DOD transportation system which was 
examined in this thesis research has the structure depicted 
in Figure 1. Overseas commands, known as consignoees, place 
enders with various vendors, referred to as consignors, for 


the purchase of items which are needed to carry out their 
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mission. Thus a requirement for transportation of these 
items from the consignor to the consignee exists. 

There are two general categories into which the cargo 
can fall as it leaves the consignor enroute to the consignee: 
containerizable or break-bulk.  Break-bulk cargo is sent 
directly to the POE where it is loaded aboard conventional 
mateo Ships tor the ocean voyage. It the material to be 
transported is containerizable and ordered in large enough 
quantities by the consignee, ocean shipping containers 
might be source stuffed, that is, the cargo will be placed 
into containers at the consignor's warehouse, sealed and 
Shipped directly to a port of embarkation (POE) for lift 
aboard a container ship for ocean transport to the con- 
Signee. Smaller quantities of containerizable cargo are 
shipped from the consignors to container stuffing stations 
where cargo for particular PODS or consignees is collected 
and stuffed into containers after certain minimum volume 
Or maximum weight restrictions have been met. These stuff- 
ang stations may be located near the port facilities or 
many miles inland. Again, as with the source stuffed con- 
Matners, atter loading is completed, the containers arc 
transferred to a commercial shipping company for lift aboard 
container ships. ; 

Containcrized cargo arriving at the port of debarkation 
1s handled in one of two ways. Containers that have cargo 
lor only one consignee, i.e., single consignee containers, 


mre otf loaded and sent directly to the consignee; containers 
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holding cargo for more than one consignee are routed to 
break-bulk stations (BBS) that service the particular con- 
signee and the containers are unstuffed. The cargo is then 
segregated by consignee for further shipment to the indi- 
vidual overseas commands. 

E. WESTERN AREA, MILITARY TRAFFIC MANAGEMENT AND TERMINAL 

SERVICE 

Export cargo sponsored by the Department of Defense or 
other government agencies destined for overseas commands 
falls under the cognizance of Western Area, Military Traf- 
fic Management and Terminal Service (WAMTMTS). Western Area, 
Military Traffic Management and Terminal Service is a 
jointly-staffed field organization under Headquarters, 
Miiitary Trafric Management and Terminal Service (MTMTS), 
Washington, D. C., which in turn is a major field command 
of the Department of the Army, under the Secretary of the 
Army. WAMTMTS was established on 15 February 1965 at the 
Oakland Army Base, Oakland, California, and is staffed by 
military personnel of the three services and civil service 
Euployees. 

The mission of WAMTMTS is: (1) to command assigned 
installations and activities; (2) provide for area-wide 
implementation of MIMTS Single Manager responsibilities for 
P iC management, ocean terminal operations and related 
Pransportation services involved in the movement and trans- 
shipment within and throush CONUS of cargo sponsored by the 


Department of Defense and other government. agencies; (3) 
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develop and maintain plans for operational readiness under 
mobilization, emergency, or special contingencies; (4) train 
related military units, military personnel, and civilians 

as assigned; and (5) provide administrative and logistic 
support to tenant and satellite agencies. 

WAMTMTS is responsible for transportation management of 
domestic and export shipments in the fourteen (14) western: 
states of Arizona, California, Idaho, Montana, Nevada, 
Oregon, Utah, Washington, Colorado, Nebraska, New Mexico, 
South Dakota, North Dakota, and Wyoming. All export cargo 
destined for shipment to installations within the Pacific 
Área is routed to one of the three Military Ocean Terminals 
operated by WAMTMTS on the West Coast. Military Terminal 
Unit, Pacific Northwest, Seattle, Wasnington (PNW) handles 
Export Cargo for Puget Sound while Military Ocean Terminal, 
Bay Area, Oakland, California (MOTBA) controls the export 
cargo for San Francisco Bay and Northern California while 
Southern California Outport, Long Beach, California (SCO) 
ας charsed with responsibility for export cargo departing 
CONUS from the Southern California area. In addition to 
these three ocean terminals, WAMTMTS operates the Military 
Airlift Clearance Authority (MACA) Agency which is the single 
Eur clearance authority for control of military cargo into 
Pre nine (9) U.S. aerial ports of embarkation for worldwide 
ο τπτ. §Except for special emergency shipments, it directs 
mies tlow of alleair carsgo in the Military Airlift Command's 


transportation system. 
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F. MILITARY OCEAN TERMINAL, BAY AREA 

Military Ocean Terminal, Bay Area (MOTBA) is by far the 
largest operating element of WAMTMTS. It was originally 
established on 1 July 1964 by DOD to consolidate the termi- 
nal facilities of the Army and Navy in the San Francisco 
Bay Area. MOTBA operates the large cargo terminal facili- 
ties at the Oakland Army Base and the Alameda Reefer Fa- 
cility. Between the two installations, it controls seyen 
(7) deep water berths in addition to an 84 acre tidewater 
Container stuffing area located on the Oakland Army Base. 
Moe ports of Stockton, Sacramento, and Eureka also fall 
under MOTBA's control. 

The two general classifications of export cargo that 
ere received by MOITBA are break-buik cargo, that which can- 
not be containerized because of its size or weight and con- 
Iu unbrrIZzablec cargo which cam be placed in containers for 


shipment aboard commercial container ships. 


G TIDEWATER CONTAINER STUFFING STATION 

Соче оси вопр Station (CSS) operates under the 
montaner Freight Division (CFD) at MOTBA and is referred 
tomas a tidewater station to distinguish it from an inland 
1η» station. Ihe operations conducted at both instal- 
Шігіопе але Similar in that containerizable cargo is loaded 
ito the ocean shipping containers that are then transferred 
to commercial shipping companics for overseas shipment 


Eoard one-of their container vessels. 
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The CSS is operated for MOTBA by a civilian contractor 
under a contractual arrangement. The cargo received by 
MOTBA that can be containerized is routed to the large 
warehouses that comprise the bulk of the CSS's operation. 
Here the cargo is loaded into containers for shipment to 
the various ports of debarkation overseas. Various re- 
strictions are placed upon the contractor as to how the 
vans are to be loaded. Governmental cube utilization stand- 
ards, cargo mix restrictions, and various individual POD 
and consignee stipulations are only a few examples of the 
constraints under which the contractor is obligated to 
work. 

Ás a general practice, the cargo remains in the ware- 
houses until shipping vans can be obtained from thc commor- 
cial shipping company that will transport the cargo overseas. 
Some military vans are used, but most of the cargo is trans- 
ported in commercial containers. These commercial and mil- 
itary shipping containers range in approximate size from 
the small 8x8x20 foot vans with volumes in the neighborhood 
ОТ 1100 cubic feet and weight capacities around 40,000 
pounds to the large 8x8x40 foot containers which have vol- 
umes in the 2,400 cubic foot range and weight capacities 
of around 46,000 pounds. The size, volume, and weight 
N:USstrictions vary from commercial carrier to commercial 
earzier and in general the container Ships are designed so 
Bat they apne опту capable of carrying the company's con- 
Шеге. Figure 2 delineates the sixteen (16) container 


Bypes presently in исе. 
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III. NATURE OF CONTAINER STUFFING OPERATIONS AND STUDY OB- 
JEC HEVES 

A. CARGO FLOW AND CONTROL 

Western Area, Military Traffic Management and Terminal 
Service has management responsibility for controlling the 
Blow ӨС export cargo to overseas commands while it is within 
the continental United States. To aid in accomplishing this 
mission, WAMTMTS has two management information ο... 
both of which utilize a Burroughs 5500 computer: The Mech- 
anized Export Traffic System (METS) and the Surface ορ) 
Cargo System (SURS): 

ive Mechanized Export Traffic System 

METS monitors tne seven CONUS. ГЕ 165 

the offering/releasing system which WAMTMTS utilizes to con- 
oJ and monitor the flow of DOD cargo from consignor to 
Stateside port of embarkation (POE), i.e., one of the three 
ocean terminals under WAMTMTS's control. The basic input 
to the system comes from the consignor, viz., a commercial 
vendor or a military depot, and includes shipment data, 
means of transportation, destination, etc., on a particular 
Shipment. Since these individual consignors are under no 
. control from WAMTMTS, the data received is oftimes improp- 
erly formatted thereby causing the generation of documenta- 


tion errors which require purging by manual methods. 
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2. Surface Export Cargo System 
SURS, also referred to as SURS/CARDPAC, is tasked 


with the accounting for export cargo once 1t is within the 
confinement of one of the three west coast ocean terminals. 
CARDPAC refers to a package of eight (8) IBM cards which 
are prepunched by terminal personnel from data supplied by 
METS plus any additional information extracted from ship- 
ping forms, which is obtained during prelodge © the ship 
ment by delivery truck drivers or employees of shipping 
companies. 

The CARDPAC, which has a variety of data coded on 
it, together with the Expected Receipt List (ERL), a list 
of the cargo expected in a ETSI: менее form the 
Job Bag".  Tne "Job Bag" along with the applicable source 
moaeument, €.8,, Government Bill of Ladins (GBL), Commercial 
Bill of Lading (CBL), Dray Tag, or Transportation Control 
and Movement Document (ICMD) are forwarded to the cargo 
ШЕ ЗЕР атса ог the terminal. There the checker ereo 
іе Cargo as it 15 unloaded and corrects the CARDPAC if 
psa IE corrections dre required, processing is de- 
ed until correct information 1s obtained; otherwise, the 
G j (i Ul ached to the shipment immediately. In either 
case, the CARDPAC is ultimately utilized to monitor the 
flow of that particular shipment throughout its many move- 
ments within the terminal facilities. 

In summary, the two systems, with a compatible in- 


terface, work in unison providing WAMTMTS with a monitoring 
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capability. Unfortunately, problems have arisen with both 
of the systems involved and with the top management reports 
which these systems help to generate. These problems have 


made the mission of WAMTMTS more difficult. 


B. GENERAL DESCRIPTION OF PROCEDURES 

Many different factors could have been analyzed at a 
facility like MOTBA, Oakland. A cursory look at the amount 
of data generated during an actual operational period like 
the four months under consideration in this thesis reflects 
the volume and diversity of the export cargo traffic han- 
-dled. However, the specific problem to be discussed in 
this thesis is that of determining by means of a combination 
of statistical and analytical techniques how the average 
age of cargo at stuff (t) is influenced by the various re- 
lationships/interrelationships it enjoys with the other 
variables involved in the container stuffing operation. 

In short, the problem that had to be dealt with was how 
to most effectively and efficiently take raw data from the 
operation specified and systematically and clinically sun- 
imaia iti order εὐ ascertain Meaningful, productive 
conclusions. 

Three separate and distinctly different phases were 
employed to achieve the objective. These were: a distri- 
ο ο πα a anal j o ос variation 1n performance var- 
ο s бее ап investigation о: factors related to consignëe 


cargo aping. 





A logical flow of analytical-oriented work generally 
proceeds from a broad, general spectrum to a well-defined, 
more exacting one. In this thesis, that same format was 
used. In the first phase, the distribution audit, raw data 
was taken from a four-month actual operational period at 
the container stuffing station and systematically dissected 
by six computer programs into basic components that could 
be isolated and more easily analyzed. This audit identified 
important characteristics, e.g., volume, weight, density, 
number of shipments, etc., of cargo moving through the stuf- 
fing station. 

The second phase utilized the simulation model to deter- 
mine variations in the average age of cargo at stuff, the 
average cubo utilization, апа the single consignee van pro- 
portion for thirteen major PODs. The simulation model pro- 
vided data for individual PODs for twenty-four thirty-day 
increments, a two year span. 

The simulation model was employed to measure the varia- 
tions that exists among important variables, viz., average 
age of cargo at stuff, cube utilization, and single con- 
signee proportion. This is considered essential to MOTBA 
as contractual agreements are based upon these variables 
an Roe a aeto which evaluate a contractor's performance 
and aid MOTBA in performing a sound monitoring program. 

The third and final phase was accomplished by the im- 
plementation of repression analyses which utilized simula- 

ο ο ο τοις ара τοι measurına Factors that influence cargo 


aging. 
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1t should be emphasized at this point that the basic 
data employed throughout the thesis was gleaned from actual 
- Operations at the container stuffing station and pertained 
only to containerizable cargo. Hence, no effort was made 
to ascertain information about, or use data concerning, 


break-bulk operations. 


C. DEFINITIONS OF TERMS AND VARIABLES 

Numerous factors and variables are analyzed in this 
thesis. Major variables and terms are defined in the fol- 
lowing paragraphs to avoid ambiguity. 

ο οσο ος Cargo al Stufi. 

This factor is the duration of time (in days) be- 
tween a shipment's arrival at the stuffing station and its 
being stuffed in an assigned container. The figure is com- 
puted on a shipment basis. 

2. Average Age of Cargo at Stuff 

This factor is likewise computed on a shipment basis, 
ШІ а (һе Same time if Can be computed either on a POD or 
consignee basis. It is the total -age of all shipments being 
sent to a POD or consignee divided by the number of ЕИ 
ments, Utilizing the shipment as. the unit of computation, 
Ш,5-а-уі5 а unit of volume or weight, better reflects to 
(o individual PODS or consignees, the users of the system, 
ehe delays which accrue to complete shipments. Shipments 
may be divided or "split" into segments while being loaded 
tome con tammesrs ın order to Stay within the volume or 


Fersen eacrıons or the eontainer. It should be noted 
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that those shipments with several segments are assigned an 
age equal to the age of the last segment to be stuffed. 
Ea Tree Proportion 
This measure is the proportion of the cargo volume 
which is moved in containers that are stuffed with goods 
for only one (1) consignee. Volume was used as the unit 
of calculation in the thesis because it showed the quantity 
of volume that does not have to be shipped to, and handled 
by intermediate break-bulk stations. Calculation of the 
Single consignee proportion is accomplished by dividing 
the volume of cargo (measured in cubic feet) in single con- 
Signee vans by the total volume of cargo that is received 
by the particular POD or consignee. 
4. Cube Utiiization 
This is the volume proportion of the individual 
КопгГатпет that is displaced by cargo. This measure is cal- 
culated by dividing the volume of cargo by the total dis- 
placeable volume of the container. 
ο vebacce Cube: Utilization 
This figure is computed by dividing the total volume 
of cargo by the total available space in the containers used 
CoN transport cargo to the POD during the time frame under 
consideration. However, mixed containers, those with cargo 
for more than one consignee, require some deliberation. In 
this case, assignment of the cube utilization is made to 
each consignee based upon their percent usage (by volume) 


et the container. 
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6. Water Commodity Code 


Eleven (11) number intervals which categorize the 
cargo. Table VII, Appendix A, delineates ee individual 
intervals and their meaning. 

ТК peo Carro Code 

ШОО I wol(22) codes for categorizing the cargo: 
Table VI, Appendix A, provides a detailed listing of the 
alphabetical codes and their specific meaning. These codes 
are utilized to establish mixing of cargo restrictions, and 
are sometimes referred to as exception handling codes. 

SENS between Lifts 

The period of time, in days, that transpires be- 
tween the successive departures of vessels servicing a 
particular POD. 

9. Average Days Between Lifts (ADBL) 

The average length of time that accrues from the 
departure of one vessel to the departure of the next vessel 
destined for a POD. It is calculated by dividing the number 
of days in the period under consideration by the number of 


such defined departures. 
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ІҮ. DATA ANALYSIS PROCEDURES 


A. DISTRIBUTION AUDIT 

Raw data was taken from computer tapes supplied by 
MOTBA for the 123 day operating period from 1 July to 31 
October 1973. This data contained information on 43,984 
Shrpments received at MOTBA's Container Stuffing Station 
during the period under consideration. The information 
available for each ne, with some items in coded for- 
mat, included the POD, consignee, type of cargo odo VOl- 
ume, weight, number of pieces, receipt data in serial form 
moon ] to 123, water commodity code, and the transportation 
a counting code. A computer program sclected this raw data 
from the MOTBA tapes and placed it in alphabetical order by 
POD and consignee in a data file. Table III, Appendix A, 
depicts an example of how the data was arranged. Various 
omens oi the data in this form were then used in the 
additional computer work described below. Table IV, Appen- 
dix A, shows a summary of raw data that was compilcd as a 
result of the operations at MOTBA's CSS during the 123-day 
beriod. ІС should be noted that although 110 PODs and 1747272 
consignces were identificd as having reccived shipments 
during this period, some erroncous data may have been pros- 
ЕЕЕ εὐ key punching errors at the terminal. For this 
thesis work, the observed data was assumcd to bc correct 


Pid е шоссе ие ЕЗ Сота стопе were based on the given Informktion. 
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During the course of the distribution audit, six com- 
puter programs were written to tabulate essential data. 
Table V, Appendix A, delineates the pieces of information 
generated by these six programs; they are explained below. 

The first program (Computer Program One) was written 
Gee determine the number of shipments, the total volume, the 
average volume, the standard deviation of the volume, the 
total weight, the average weight, the standard deviation of 
the weight, the erage density and the standard deviation 
of the density by individual consignee. Also, the program 
established the intervals of volume, weight, and density 
into which each of the 43,984 shipments fell. 

The second program (Computed Program Two) provided an 
meentical output to that of the first except that with tnis 
program the information was generated for the POD vis-a-vis 
Еле consignee. 

The third program (Computer Program Three) delineated 
the number of shipments as well as the total volume and 
Кешр that arrived at the Container Stuffing Station for 
each of the 123 days under consideration. As might be 
expected a very small amount (less than one percent) of the 
Shipments arrived at the stuffing Station on the thirty- 
‚five (35) weekend days and four (4) holidays that occurred 
during the four-month period. Tables VI and VIl, Appendix 
A, show a summary of the Container Stuffing Station's ac- 


шімісу tor the period. 





The fourth program (Computer Program Four) was designed 
to illustrate the diversity of the shipments that went to 
each consignee by examining the type of cargo codes as- 
signed. The number of shipments within any one of 26 cate- 
gories was listed on the computer output. Although only 
Pan i cen OL the twenty six (260) codes are actually 
assigned at this time, the computer program was written in 
HEceneral manner to accept future additions to the list. 
Ele Vill, Appendix A, gives a listing of the cargo codes 
along with a brief description of what they mean. 

The fifth program (Computer Program Five) was similar 
to the fourth program both in design and content. In this 
program the diversity of the shipments was displayed by 
water commodity codes which are delineated in Tabie IX, 
Appendix A. 

The sixth program (Computer Program Six) was formulated 
with the purpose of providing a table showing the daily 
activity by consignee — of the volume, weight, and density 
нс спаршем 5 = received at the stutting station. This re- 
sult illuminated the wide dispersions in activity among 
ШЕ сопвірпевв, It also provided the mechanism whereby a 
ranking could be established for the individual consignees 


based upon the daily activity. 


B. CONTAINER STUFFING PERFORMANCE VARIATION ANALYSIS 

a O L Е ЕОС simulation model, developed by Dr. 
James P. Hynes, Assistant Professor, Department of Operations 
Research and Administrative Sciences, Naval Postgraduate 
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School, Monterey, California, simulated operations at 
MOTBA's Container Stuffing Station and generated data for 
this analysis as well as the third and final phase of the 
data analysis procedures. The cargo data input to the 
model was that supplied by MOTBA for the 123 day period 
from July through October of 1973. 

The second phase of this analysis was the examination 
of the variation in the performance variables. In this 
phase, output generated by the simulation model was utilized 
to ascertain important data about the containerized export 
Cargo transportation system. During this part of the anal- 
ysis, only thirteen major PODs were examined. 

There were fourteen (14) pieces of information generated 
by the simulation modei that were retrieved and manipulated 
by the utilization of a computer program. Computer Program 
Seven accomplished this task. The following data was 
available for each container loaded: record identification, 
the current day (from 1 to 738), the POD (coded from 1 to 
13), the container type (coded from 1 to 16), volume loaded 
πη the container (in cubic feet), the cube utilization (per- 
cent), the weight loaded in the container (in hundred 
Weight), the weight utilization (percent), the serial number 
к оса to the container (the number being either positive 
or negative to indicate a single consignee van or mixed van 
Bespeetively), thelstuffine list identification number, the 
number of consignees whose shipments were loaded into the 


van, the number of dated shipment segments (only the last 
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segment of a shipment stuffed is dated), and the total age 
of these dated shipment segments. 

Since the simulation model was instrumental in this and 
the final phase, a brief discussion of its principles and 
functions is considered imperative at this point in order 
to clarify its capabilities and elaborate on its methodology. 

1. The Simulation Model 

Space and time restrictions prohibit a complete 
description of the simulation model and all of the assump- 
tions that were made. Thus, only the important ου 
of the model are discussed. For complete documentation of 
the model see reference 16. 

The simulation model replicates the major factors 
influencing waterfront operations at the container stuffing 
station. This includes variations in vessel departures, 
shipment inputs, booking containers aboard vessels, and 
stuffing restrictions. 

The program is divided into modules; the modules 
Ac terteletionships with the data files and infor- 
Шел stacks are depicted im Figure 2, Appendix B. Ship- 
ment arrivals, volumes, and weights are fed into the program 
μα daıly basis and stored. Information on future vessel 
BErervals.—ccontainer types, and container avarlability are 
also fed into the: computer program. The booking routine 
Degins reserving containers aboard vessels according to 
Ше апл ош cardo volumes апа Tonecasted POD volume inputs. 


Several days before a vessel's arrival, the container stufíing 
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Beutıne begins Cargo stuffing into the containers that can 
be loaded into the reserved spaces on the vessel. Containers 
are drawn from the empty container pool which is replenished 
the container dispatch routine, which is keyed to the 
containers booked on arriving vessels. The container lift 
routine transfers stuffed containers on to the arriving 
pessels. 
a. The Stuffing Routine 
The stuffing algorithm was formulated to include 
the following factors: 
1. Maximum usable volume for cargo in each 
type of container. 
2. Maximum cargo weight for each type of 
container. 
3. Minimum load requirements in terms of the 
minimum volume of cargo that must be on 
Manıdebe nonceweareo. stufrine into- the: con- 
calme сап begin. 
ιτ στις restrictions In terms ok 
which consignce cargos (if any) can be 
mixed when necessary. 
5. Minimum shipment splitting restrictions in 
terms of the minimum allowable size to which 


Shipments can be split when necessary for 


гир. 
6. The stuffing procedure is vessel oriented 
ИСКО ВЕЛО еее. Tn Short, the 
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procedure used here initiates stuffing 

activities to meet vessel arrivals/depar- 

tures, whereas a cargo oriented one would 

initiate stuffing activities solely on the 

basis of cargo accumulations. 

Stuffing procedures are governed by two fac- 

Bars: the minimum load requirement and the stuffing list. 
For this simulation the minimum load requirement was set 
at 50$ of container volume. The stuffing lists are inputs 
to the simulation program which define the sequence in 
which the stuffing routine attempts to load cargo into con- 
tainers, and at the same time also specifies which consignee 
cargos can be mixed. For this simulation no consignees were 
Ἱ τεος to take only single consignee containers, but every 
 БЕОТТ was made to stuff single consignee vans before mix- 
ing cargo. For each POD, there are a set of stuffing lists, 
which delineate the combinations of consignees where cargos 
can be mixed in a single container. The placement of con- 
Eienees on a list, and the order in which each lıst 15 se- 
Suenccd as input data controls how cargo will be stuffed by 
БИО routine. Also, each stuffing list specifies an adjust- 
ment factor which is used in conjunction with the breakeven 
Ponant to determine the minimum load requirement. The stuf- 
mone list inputs to thé simulation program provide the 
ability to influence the proportion of containers which are 
ioaded with singke consignee cargo, the level to which con- 
maners must be, filled before being closed out, and the 
Various ways in which consignee cargos can be mingled. 
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The minimum load requirement controls the initi- 
Bon Of Cargo Stutfing into a container. Specifically, it 
represents the volume of cargo that must be available for 
the consignees on a stuffing list before the algorithm will 
mnplement the stuffing list to load cargo into the container. 
The minimum load requirement value is determined by taking 
the breakeven volume of the container at hand and multiply- 
ing it by the breakeven adjustment factor on the stuffing 
mest being used. The breakeven volume is the minimum eco- 
nomically acceptable cargo volume that must be stuffed into 
a container before it can be closed out and is derived from 
a comparison with non-containerized ocean shipping costs. 
ШЕ 15 а self-imposed military restriction. For most PODs in 
the Pacific, the breakeven volume is rougniy fifty percent 
ШЕ the Container volume. 
2 Obtaining Realistic Results 

Inzorder το obtaın realistic results, the simulation 
model was used to simulate operdtions at MOTBA's Container 
Ein i Fin Station tor approximately a two year period (738 
ο) Ihe actual shipment data that was available for the 
123 day period was repeated six consecutive times in the 
model to cover this time frame. However, the routines that 
Peovern the functioning of the model were supplied with data 
ЕНСЕ had a ditferent time base. For example, the ship 
schedule routine has a base of 200 days which meant that 
drtkerent shrp®enrıvals, different container reservations, 


πη difbBerent container types would be “available for each 
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Repetition Of the 125 day stuffing cycle. Thus, any un- 
usual evolutions that occurred during one period would not 
be repeated in the next, providing results that were not 


dependent upon input sequences. 


C. REGRESSION MODEL 

The final analysis was a regression model. The objec- 
tive was to measure relationships between the several con- 
comitant variables and the dependent variable which is 
defined as the average age of a consignee's cargo at stuff. 

As mentioned in the preceding section, input for the 
regression phase of the data analysis procedures was gen- 
erated by the simulation model. These inputs, which com- 
prised the seven independent variables plus the dependent 
K irioble, were: the proportion, in percent, of the volume 
of the POD going to an individual consignee; the volume, in 
enoc feet, going Со ап individual consignee; the total 
“umber Of shipments being sent to a consignee; the average 
age of a consignee's cargo at stuff; the total volume shipped 
πα οἱ ης cons tenes vans. to a consignee; the proportion, in 
percent, ot cargo going to a consignee in a single consignee 
vans; the volume, in cubic feet, going to the break-bulk 
station serving a consignee; and the average days betwecn 
tts Tor a particular POD: 

πο р mentation of the regression model utilized 556 
Somsicmecs wnich are served by the thirteen major PODs. The 


SOnsipnees Were arbitrarily divided into small-, medium-, 
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and large-volume categories and finally mixed in a group of 
400 in order that the regression model could be employed to 
determine interrelationships among variables for various 
types of consignees. 

In summary, three phases were utilized in the overall 
data analysis procedures. Firstly, the raw shipment data 
was reduced and summarized in the distribution audit which 
employed six computer programs. Secondly, an analysis of 
the variation of certain performance variables was OIN 
for thirteen major PODs by utilizing another computer pro- 
gram which used the output generated by the simulation model. 
Finally, a regression model, whose inputs had also been gen- 


erated by the simulation model, was developed, and the re- 
using the SNAP/IEDA statistical package to establish rela- 


tionships among the variables and to determine the degree of 


"correlation between each of them. 
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V. PRESENTATION OF RESULTS 


This chapter draws together for display and explanation 
the empirical findings of the analysis procedures described 
Chapter III. Computer Outputs One-1 through Eight are 
enclosed to help the reader visualize the output format and 
= present only a sample of the computer printout for the 
various segments of the programs discussed below. 

The seven computer programs used in this thesis were 
programmed in FORTRAN IV for the IBM-360 computer. Complete 
computer outputs are in the custody of Professor James P. 


Hynes at the Naval Postgraduate School, Monterey, California. 


A. DISTRIBUTION AUDIT PHASE 

Computer Program One 

The first program, which was done on a consignee 

ο τς от ап операе (Computer Output One-1,-2,-3,-4) 
шір -ерагасс types Of information. The first three sec- 
tions of output delineate in interval format the number 
of shipments that are described by each of the various in- 
Bo also (volume weight, and density respectively for each 
ο ο ο consi prees durine the four-month time frame. 
Eine fourth and final segment of the output shows in tabular 
form the computation of total volume and weight and the 
'νὗ πη standard deviation for all three quantities, 


V12., volume, weight, and density. 
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ο ον а πο OULpUL, therefore, pives ап insight 
into the range of activity for each consignce. Many con- 
signees receive an infinitesimally small part of the total 
shipments, while others receive thousands of cubic feet of 
volume and hundreds of thousands of pounds in weight. A 
detailed look at the density (weight/volume) figures also 
shows some disparity. While the average density for most 
consignees hovers in the area of 20-25 ρε σα τη а few 
do receive extremcly dense shipments. 

A closer look at the printout revealed that 783 
consignees (43%) received only one shipment during the four 
month period. Moreover, 1448 consignees received less than 
ten shipments, meaning that approximately four-fifths (79.8%) 
ШІ O hS category. Finally, only & received over 1000 
shipments during the same time frame. The program further 
showed that 40 of the 1822 consignees (2.2%) contributcd 60% 


of the total activity during the period under consideration. 


Number of Shipments 1 2-9 10-99 100-999 over 1000 
Number of Consignees 783 665 505 65 8 
Percentage 135007556025: 15.6 ο 0.4 


2. Computer Program Two 
Ἱ ο wcoudEoqyosramwomtphtotCconputer Output Two-1,-2; 


µ ie tol lows the exact format of the first except that it 
mowcalculated on a POD basis. The br@akdown here is to il- 
lustrate the wide disparity in activity among the 110 PODs. 


nee apaın the range 15 great with a small number of PODs 
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providing most of the activity. As Table X, Appendix A, 
illustrates the thirteen major PODs, which comprise slightly 
more than 10% of all PODs, contribute approximately 80% of 
the activity. 

Inspection of the computer printout showed that 29 
of the PODs (26.4%) received only one shipment during the 
four month period while 59 of the PODs (53.6%) were recip- 
ients of less than 10 shipments. Of the remaining 51 PODs, 
23 (20.9%) received between 10 and 100 shipments, 15 (13.06%) 
received between 100 and 1000 shipments, 8 (7.3%) received 

between 1000 and 2500 shipments, while 5 (4.5%) received 


more than 2500 shipments. 


Number of Shipments 72971702997 100259371000 7250 0Z0 ver 2500 
Number of PODs 29 30 2 Is 8 5 
Percentage ον. dus 20.9 155 7.5 des 


EE ONpUECITOProOPramwbhree 
Tie third program output (Computer Output Three) dis- 


plays the amount of cargo in shipments, volume, and weight 
that arrived at container stuffing station for each of the 
Ш 5 аау= under consideration. Table VI, Appendix A, is a 
tabular summary showing the total and range for shipments, 
volume, and weight for each of the days of the week plus the 
Four holidays that occurred during tbe period. As might be 
expected, the weekend days plus the four holidays provided 


the least activity. 
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A declining trend could be discerned in the series 
of the seventeen (17) normal five-day work weeks. Table VII, 
Appendix A, shows a weekly breakdown for the activity at the 
container stuffing station. 

4. Computer Program Four 

The fourth program output (Computer Output Four) 
shows the number of shipments in each of the twenty-six types 
of cargo letter-coded categories. As can be seen by the 
sample of data presented, the preponderance of cargo is of 
type Z (general cargo). A complete analysis of the program 


printout revealed the information presented in the table 


below. 
Number of Errors in Documentation (no code) "2524 
Percentage of Errors ο 01 
Total Number of Z-Type Shipments зоо 
Percentage Z-Type Shipments 65.06 
Number of Consignees Receiving No Z-Type Cargo 167 


Percentage of Consignees Receiving no Z-Type Cargo ντ 


E Computer Program Five 
The fifth program output (Computer Output Five) dis- 


plays the number of shipments in each of the eleven water 
meommodity number-coded categories. Once again the prepon- 
fetanec Of vali ioo ав illustrated by the sample of data 
presented, fell into the general cargo area. A complete 


breakdown is found in the following table. 


t 





Number of Errors in Documentation (no code) 506 
Percentage of Errors 1.15 


Total Number of Shipments by Type 


Сһ111 6 Freeze 2 
Bulk 0 POV 24 
Baggage | 228 HH Goods TIS 
Ammo 147 Rad. Act. 0 
General 41918 ei 10 
A/C Assd. 2 

Percentage of Cargo Not General 3.56 
D computer Program Six 


Me sixth proaram output (Computer Output Six-1,-2) 
displays by intervals of volume and weight the number of days 
Eng pments arrrzved at the container stuffing station for a 
Particular consignee. Also listed immediately under the 
number of shipments by interval is the percentage of days 
(N/123) for that type of shipment. 

ОПЕЕ n hbiS prosram'ouiput illustrates the fact 
that, relatively speaking, very few consignees arc rcally 
active users of the containerized export cargo transportation 
system. For example, in program six a printout was displayed 
to show activity at the container stuffing station by con- 
προ ihis printout showed that 84.7$ of the consignees 
received shipments at the station only 10% of the time. At 
ehe Otmer extreme only 38 (2.1%) of the consignees received 


Bipments at the station more than 50% of the 125 days under 
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consideration. Thus, while the aggregate of 1822 consignees 
uses the container stuffing station, a relatively small num- 
ber receive a very large percentage of the stuffing opera- 
tion cargo. The following table displays a breakdown of the 
information gleaned from this computer printout as to the 
percentage of time that the various consignees had actual 


input activity at the container stuffing station. 


Esc Rate (Percent) 0 10 11-20 21-30 31-40 41-50 51-100 
Number of Consignees 1544 135 49 40 16 38 


Percentage of Consignees 84.7 7.4 DR 2:57 0.9 22] 


B. PERFORMANCE VARIATION ANALYSIS PHASE 
ОО Computer Program Seven 

The seventh program outpui (Computer Output Seven-l, 
-2,-3) was the result of the retrieval and subsequent manip- 
ulation of the data from the simulation model as delineated 
mi Chapter ІІІ. The output was divided into two parts: the 
Printout listing the activity of the thirteen (13) major 
PODs for each of the twenty-four (24) thirty day increments 
(Computer Output Seven-1,-2) and the summarized activity of 
the thirteen (13) PODs for the entire 720 day (approximately 
Evo years) span (Computer Output Seven-3). 

Soren output tens ane listed in the printouts. 
Among these are: the number and type of containers received 
Dy the PODs, themaverage and standard deviation of the cube 
ШИИ атол оссе Containcrs by type; the single consignee 


сро от by Container type; the average and standard 
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deviation of the age of cargo at stuff; and the number of 
Single consignee containers by container type. 

By comparison of these parameters from month to 
month, one can see quite readily the variation that was ex- 
perienced by the different PODs. Tables XI, XII, and XIII, 
Appendix A, delineate this information for POD 1, 7, and 13 
respectively. From these tables one can realize the wide 
range that does occur during the two year period. 

For example,,POD 1 has, for an average, 42 con- 
parners of type 10 sent to it per month, but the range is 
from 19 to 67 for the twenty-four month period. Moreover, 
POD 7 averaged 38 containers of type 8 per month, but in 
fact had zero (0) containers of that type one month and 
only two (2) another month. POD 7 alsu showed the greatest 
disparity in average age of cargo at stuff with a range in 
Æc ess Of 12 days. Furthermore, POD 13 had the largest 
disparity of the three PODs shown in the tables with regard 
τν ауетаре сире utilization. Using container type 6, the 
e rage cube Utilization varied from 69.5857 to 87.000% or 
about 20% variation over the two year period under consider- 
ation. Thus, one 15 able to quickly ascertain that a wide 
variation does indeed exist in the significant performance 
mvariables that govern the operational performance at the 


eomtainer stuffing station. 


ШІ. REGRESSION ANALYSIS 
КЕЕ ЕНА ЬЕ 115660 in Chapter ITI, several 


regression analyses were performed using the SNAP/TEDA 
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Computer Package with its stepwise multiple regression rou- 
tine in an effort to ascertain results that would help to 
explain the interrelationships among the seven independent 
variables and the dependent variable, the average age of 
cargo at stuff. 

SNAP/IEDA produces a stepwise linear fit for the vari- 
ables specified and prints the results out in tabular form 
with coefficients for each of the independent variables and 
the related calculations for each step in the regression. 
An R^ value (M-R2), which is the square of the multiple 
correlation coefficient of the regression, along with the 
standard errors of the regression coefficients, and the 


standard error of the dependent variable (SE-DPV) are dis- 


2 


πετ τ. ες тескеебтеп, SE- DPV jis used to 


played for 


© 


denote the standard error of the dependent variable after 
removing the effects of the independent variables in the 

regression, and SERC is used to denote the standard error 
of the regression coefficients for the particular regres- 
sion step. 

The 556 consignees were arbitrarily divided. The di- 
vision was made using the basis of the individual consign- 
ee's percentage of total volume of the POD which served the 
consignee. The three categories were small-volume, medium- 
volume, and large-volume. 

The small-volume consignees consisted of those with a 

о 


volume percentage of less than .1$; the medium, .1$-.995; 


EB  '''... πι σηεπτετ. "The large-volume category 
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was further subdivided into ten intervals and placed in a 
tabular format to better illustrate the wide range of activ- 
ity enjoyed by the consignees in this category. Table XIV, 
Appendix A, delineates the number of consignees in each of 
enese proupings. Furthermore, table XV, Appendix A, displays 
another breakdown of the large-volume consignees by exhibit- 
ing the number of such consignees that are serviced by each 
ο h r cecen FODS and tie interval anto which Gach of 
the individual "S fall. For example, POD SA1 had 
thirteen (13) consignees in the large volume category and 
of those, eight (8) are in the 1% - 2% interval, two (2) in 
the 2% - 3% interval, two (2) in the 20% - 30% interval, 

and one (1) in the over 30% interval. 

ADO Ine ота Тоше scatter plots ol the 11> 
dependent variables versus the dependent variable suggested 
that a transformation of certain of the variables might im- 
πο το the regression fit. A sample of the scatter plots is 
presented as Computer Output Elght. The consignee volume, 
number of consignee shipments, and the break-bulk point 
volume were all manipulated to form new variables by form- 
nene following ratios: Туси, 1/No. Ship., and 1/BBPV. 

Utilizing the various factors, equations were formulated 
and the significance of the regression coefficients was e- 
valuated. In general, the following held true; for large- 
volume consignees, the average days between lifts (ADBL) 
factor was the most significant; for medium-volume, the 


melesceonsicence van preportien; and for small-volume 
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consignees, the break-bulk point volume (BBPV). Table XVI, 
Appendix A, displays this data. 

The reason for this can be explained intuitively. In 
the case of the large-volume consignees, the average days 
between lifts (ADBL) was the most significant single fac- 
tor because it is this variable that represents the fre- 
quency of ship departures to the various PODs serving the 
consignees of the large-volume category. Obviously, the 
large-volume group will generaily have sufficient numbers 
of shipments on hand for every ship departure. Having this 
amount of volume to ship will not necessitate the need, in 
most cases, for the shipments to be routed via a break-bulk 
station in a mixed van. 

À different explanation must be used for the medium- 
Bolume group. | FOr this grouping a higher than average single 
Sons enee propertion indicates the necessity of the consignee 
to receive single consignee vans because of break-bulk point 
ο απο ἵπιιτ the largo volume Category, the medium- 
volume group frequently does not have enough shipments on 
hand when a ship arrives. It must depend upon other cargo 
going through the break-bulk point. However, if there is no 
other cargo going through the break-bulk point, then the 
cargo must accumulate and eventually move in single consign- 
vans at a considerable ape, Hence, if duc to mixing rc- 
dC eons tae Cargo must move in single- consignee vans, 
then average age of cargo at stuff (t) will be increased 


Sipnificantly es 3s illustrated by the positive sign 
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ο οσα μ те regression cocfficient for the single 
consignee van proportion in Table XVI, Appendix A. 

The small-volume consignee group has still another 
variable governing their average age of cargo at stuff. 
Much, if not all, of the shipments going to these consignees 
is shipped in mixed vans. Therefore, the break-bulk volume 
is of paramount importance to the small-volume consignees. 
For example, if the POD serving these consignees is very 
active and receives a lot of shipments by mixed vans, the 
average age of cargo at stuff will be effectively decreased 
as is illustrated by the aforementioned table. Likewise, 
In ο metlewdictivity at the break-bulk point (break- 
bulk volume is low), the age will tend to increase. 

ШОШ К ОО у шоп be noted about tais phoso of the rc- 
gression analysis and the preceding explanation of results. 
Firstly, it is intuitively obvious that the average days 
between lifts will affect the average age of cargo at stuff 
for all consignees, no matter what category they are in. 
Secondly, the single consignee proportion indicates how 
mixing restrictions influence age of cargo at stuff after 
other effects have been removed. 

Another step taken with the large-volume consignee 
group маѕ а further sub-division in which the largest 52 
consignecs were separated from the original 136, and a 
separate regression analysis was performed on this group. 
These 52 consignees, which comprise less than 10% of the 


ο ona ecount. for 57.23 of all shipments and 65.5% 





of the total volume. The following pertinent data applies 


to this particular regression analysis. 


52 Largest Consignees R? = 0.768 SE-DPV = 1.479 
Eaua DOS + 07529 (1/Су) ж15,481 (5СР). * 02563 (АРВГ} 
SERC (0.044) (3.289) (0.058) 


ШЕ сосе оп ецш авап пат relates to the fifty-two (52) 
largest (by total volume) consignees shows that three values 
determine the dverage age of cargo at stuff (t) for this group. 
They are: 1/CV (the inverse of the consignee volume), the 
Single consignee van proportion (SCP), and the average days 
between lifts (ADBL). All three are considered significant. 
What is Interesting in this equation is that the single con- 
Signee proportion causes an increase (shown by the positive 
Sign On the regression coefficient) in the average age of 
Sarco rat istutk.. This result is similar to that- for the 
medium-volume group discussed earlier. This result is ex- 
plained by the fact that other regression data showed an 
inverse correlation between the break-bulk point volume and 
the single consignee proportion. Thus, if the break-bulk 
point volume is low it means that there are very few consign- 
ees served by that station with whom the large consignee 
ιν τις Shipments in mixed consignee vans. Therefore, 
mhes hipments must wait to po single consignee vans thereby 
raising the single consignee proportion value for the large 
ΠΠ σε те ас the. same trirmevcadversely affecting (increas- 
по πο аустарФф ире of cargo at stuff as reflected by the 


EMorememetronede equation. 
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The other two factors are much more obvious. Once again 
the age is increased by an increase in the average days be- 
tween lifts (ADBL). Also the age decreases as the amount 
of consignee volume increases. This certainly is plausible 
Since the more volume a consignee has shipped to it the less 
delay there will be in meeting the minimum load requirements 
and, therefore, the quicker the large consignee will receive 
his containerized cargo. 

Since the objective of the regression analysis work was 
Homes tablishinterrelationshiips for the entire group of con- 
signees, further work had to be done. Examining the data 
that had been compiled from the regression analyses that had 
already been performed, it was obvious that small, mediun, 
and large-volume consignees were affected by different vari- 
ables. To examine aggregate effects, a mixture of 400 con- 
eignees (Che largest that the SNAP/ IEDA package could 
accommodate) was selected for analysis. Selection of the 
400 consignees to be теі was accomplished in a random man- 
ner while maintaining the percentage of small, medium, and 
large-volume consignees at the same level that was present 
enschesorıginal sample or 556 consıpnees, The results of 


this regression are listed below. 


400 Consignee Mix В? = 0.596 SE-DPV = 7.318 
Equation t = 9.808 - 8.563 (SCP) + 1.271 (1/BBPV) + 0.339 (ADBL) 


SERC σου (0.057) (0.095) 
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Examination of the regression equation reveals several 
interesting = tacts. Firstly, the average age of cargo at 
stuff (t) is dependent upon three variables: the single 
consignee volume proportion; E break-bulk point volume; 
and the average days between lifts. 

This result was expected. To begin, the value 1/BBPV 
was most significant in the small-volume consignce regres- 
sion analysis. Since, as previously discussed, the mixture 
of 400 was done on a proportional basis, a plurality O che 
400 consignees are of the small-volume category. Therefore, 
the effect of 1/BBPV is an integral part of the regression x 
equation signifying that the larger the break-bulk point 
polume, the smaller will be the MIT of the average age 
Meares at stuff. 

The single consignee proportion was most significant in 
шие medium-volume category and, as expected, entered the 
Beeresston analysis. Surprisingly, however, the single con- 
Signee proportion in the mix of 400 tends to decrease the 
pverape age Of Cargo at stuff instead of increasing that 
ΙΕ.» ТҰ dıd previously in both the medium-volume cate- 
gory and the fifty-two largest group. Apparently, other 
factors have an effect on this variable when analyzing the 
mixture of small, medium, and large-volume consignees to- 

Fe her, 

Lastly, the average days between lifts entered the equa- 

tion. While this variable was found to have its most pro- 


found effect on the large-volume consignees, it did, however, 


61 





affect all ОО cies adversely, i,e., it increased the age. 
This same effect held true in the analysıs of the four 
hundred. 

In summary, it can be seen quite readily that the average 
age of cargo at stuff (t) increases as the break-bulk point 
volume decreases and the average days between lifts in- 
creases, and t decreases as the single consignee proportion 
increases. 

Other transformations were attempted with the data in 
an effort to generate a better fit. These included: the 
break-bulk volume was divided by the consignee volume in 
the first trial while this same transformation plus the 
product of the single consignee КОО оп and the con- 
Барпее volume were utilized in the second attempt. Both 
mecempes resulted im poor fits with high standard errors 
for the dependent variable and the regression coefficients 
and R* values of 0.102 and 0.078 respectively. 

The various regression analyses performed in this third 
phase of the data analysis procedures illustrated some in- 
teresting points. They showed that the single consignee 
proportion affected t differently for differen types of 
eonsignees. They showed that the average days between lifts 
Was an important and significant variable in all of the 
groups analyzed. Most importantly, however, the analyses 
demonstrated that relationships among variables can be more 


Bicariy understood by dividing the consignees into volume 
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groups vis-a-vis aggregating them across the small to large 


Spectrum. 





VI. EVALUATION OF PROCEDURES 


ГІ CRITIOUE OF THE PHASES EMPLOYED 
The various procedures utilized during the work on this 
thesis have been described in some detail on the preceding 
pages. Ап evaluation of these procedures will be discussed 
in this chapter. 
ОАЕ i bution Audit 

Ше na sten Inzchezthesis work was The distri- 
putron audit. It is important to realize how essential this 
step is for understanding the nature of the transportation 
system being examined. Without a thorough and intelligent 
dissection of all the data, it is quite easy to proceed down 
blind alleys and never comprehend the major problems in the 
system. Therefore, the distribution audit is conducted with 
the knowledge that more advanced and expansive work based 
upon these results will follow. 

in accomplishing this part of the work, several pro- 
grams КО ΤΡΙ πο [or Rio Солех major aspects ος 
the data, and to lay bare the variables that might in some 
pocoitUmccrreumstance have a bedaring on the overall oper- 
СІНЕН ссе container stulfing Station and the type of 
ουν that the individual consignee could expect. Іп 
eE distribution audit 1s the starting point and the 


foundation on which other analysis techniques are built. 


64 





Ion ca ner Stuffing Performance Variation Analysis 


The analysis of the variation in the variables con-. 
stituted the second major phase of the analysis procedure 
and made extensive use of the output of the simulation 
model. 

a. Critique of the Simulation Model 

A general definition of simulation is: a quan- 
titative technique used for evaluating alternative courses 
of action based upon facts and assumptions with a computer- 
ized mathematical model in order to represent actual 
decision-making under conditions of uncertainty. 

The ability of the simulation model to repli- 
cate stuffing station activities was obviously a principal 
Factor influencing the results of this thesis work. Scveral 
steps have been taken to validate the model. Reference 16 
refers. Among these are the following; subjective com- 
parison of the assumptions of the model and trial simulation 
outputs with actual container stuffing station operations, 
consultation with experienced managers, adjustment of pa- 
Кате сето to conform with real world operations, and the per- 
formance of test cross-checking of individual program 
modules to insure integrity of program logic and coding. 
Nevertheless, the model is still an approximation of actual 
operations. Hence, in order to work with this realized 
meticieney and at the same time obtain meaningful results, 
НЕ ул ес еп that the model could best be utilized іп the 


[ole sor a vehicle that measured relative impacts vis-a-vis 
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absolute ones. It is in this framework that the simulation 
model was utilized as an integral part of the applied pro- 
cedures cycle. 

There are several features of Simulation that 
make it the best method. Simulation involves the construc- 
tion of some type of mathematical model that describes the 
System S Operation in terms of TON l components and 
events. Moreover, it is a means of dividing the model 
building process into Smaller component parts and then com- 
bining them in their natural, logical order so that the 
Eonputer can be programmed to present the effect of their 
interactions with one another. In essence, the simulation 
model performs experiments on the sample data inputs rather 
„пап оп the entire operation, Since the Latter would be 
too time-consuming, inconvenient, and expensive. 

Computer simulation allows one to incorporate 
пе into an analysis of an essentially dynamic Situation. 
In a computer simulation of business operations such as the 
Container stuffing station, one can compress the results of 
several years of operations into a Eos minutes of running 
time on the computer. A computer simulation study is com- 
Merci Cepeda ablic, Ice., the user exercises complete con- 

mre l Over development of the model and the use of simulation 
ШОО πο αν ер таса for the collection and processing of 
quantitative data and free from the physical limitations on 
the system being studied since the system is represented in 


purely symbolic terms. 
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With these points in mind, the output from pro- 
gram seven was analyzed. As stated previously, inordinate 
variations do exist for the thirteen major PODs in all of 
the performance variables. These variations were considered 
significant to the problem identification in the thesis work. 
mother words, the ability to accurately predict is greatly 
affected by the size of the variations in the independent 
variables that determine/affect the predicted value (the 
dependent variable). Thus, a large amount of variation, as 
that realized in the second phase, points out clearly the 
inability one would have in predicting with a high degree 
en contidence and Iow standard error the average age of 
cargo at stuff. 

REE SS OMS Us 

There are several limitations and pitfalls associated 
with linear regression and correlation analysis that need to 
be given special attention. These may be categorized as 
being due to: (1) violations of the theoretical assumptions; 
(2) improper use of the regression equation and correlation 
coefficient; and (3) misinterpretation of these coefficients. 
It should always be kept foremost in the mind of the user 
of this technique that regression and correlation are power- 
ful tools, but must be used with care. 

Care must be taken in using past data to determine 
a future relationship. When regression is used for fore- 
Bp as 4:5 (еп 155 the source of the data is history, 


so that often a time span of many years is encompassed by 
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the observed dependent variable values. Thus, if there is 
reason to believe that the values of the dependent variable 
mare becoming more or less volatile over time, a critical 
assumption of regression analysis is violated. The net ef- 
fect of such violations is that probabilistic interpreta- 
tions of inferences are invalid and cannot be used. 

In establishing a regression equation, a set of 
pbservations is used that covers a limited range of values 
for the independent variables. Cautions must be exercised 
when making predictions of the dependent variable whenever 
the independent variables fall outside of this range.  Re- 
gression analysis is limited only to the range of actual 
observations. It is these observations, not qualitative 
reasoning, that are used to quantify the relationships be- 
tween the independent variables and the dependent variable. 

Good common sense must be exercised in selecting 
variables for which there is good, meaningful nonstatistical 
explanation of their influence on the dependent variable. 

In measuring the strength of the association be- 
tween two variables in multivariate analysis, the partial 
КОРЫ Етелепе of determination is Of principal importance. 
This index expresses the correlation between two variables 
after the effect of all other variables has been considered. 

One point of special emphasis should be made at 
this point. No results from the generation of the technique 
peilized and described throughout this thesis are any better 


Bhan the sound, intelligent judgment utilized in their 
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translation and interpretation. No method, no matter how 
reliable, can be substituted for the human element and that 
particular entity's ability to think, use good judgment, 
and, at the same time, maintain a continuous ability to re- 
main flexible to changes in the environment in which he 


knows his decisions must be made. 


B. RELATED RESULTS 

The results obtained by this thesis, could be used ef- 
fectively by the management at MOTBA in many ways. 

For example, in achieving their assigned mission of 
monitoring the operations at the container stuffing station, 
top management might find it beneficial to develop control 
charts for the individual PODs and consignees so that they 
would know the ranges of performance to expect. Utiliza- 
tion of such charts in regularly scheduled conferences with 
mepreseibtatives of the consignees could prove informative 
moeall concerned, The development of simple, concise re- 
ports for top management using the information would per- 
haps improve the quality of the reports and at the same time 
Шоке them more operationally effective. 

RUN) pe toria Service-oriented business, 11 15 1п- 
perative that both the provider and recipient of said ser- 
vice be aware of the product that they are marketing and the 
Ex sus bernegcsemtoand received. Therefore, any- 
Штип ыас can improve this communication should be con- 


sidered in the light of limited budgets and cost-cffectiveness. 
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While this thesis divorced itself of any cost considerations, 
it certainly is common sense to assume that some type of 
intelligent, meaningful liaison that utilizes the informa- 
tion presented in this paper would have beneficial effects 

on the overall operation of the export cargo transportation 


system at MOTBA. 
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Vil. CONCLUSION 


This thesis concerned itself with one element, the con- 
ОНИЕ НЕ ОИ Сас Stallion, of the containerized export cargo 
transportation system. No changes or variations were made 
to the system which would in any way affect its operation. 
The data used for all phases of the analysis was that ob- 
tained through actual operations at the Container Stuffing 
Station, MOTBA, for a four-month period of 1973. 

Data analysis techniques were utilized to determine how 
to effectively evaluate the performance of the container 
stuffing station and what factors influence the age of car- 
Во at stuff. Το accomplish these two goals, three separate 
phases of data analysis techniques were employed: the dis- 
erıbution audit, the variation analysis of variables, and 
regression analysis. 

The distribution audit employed six computer programs 
me systematically dissect the large volume of raw data in 
order that the complex and diverse activities ПЕ еһе con 
fainer stuffing station might be viewed. The following in- 
formation illustrates this diversity. During the 123 day 
Beryod for which data was available, a total of 43,984 
Shipments were processed through the container stuffing 
Сто шо shipment to 110 PODS servicing 1822 consignees. 
Шесе siiipments had a total volume of 3,620,506 cubic feet 


and a combined weight of 65,695,580 lbs. Forty major 
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consignees (2.2%) accounted for 60% of the total activity 
ИШКЕ терет то while four- fifths (79.8%) received less 
than ten shipments. 

The variation analysis of the variables, which was 
conducted by means of a computer program and employed data 
generated by a container stuffing station simulation model 
which considered thirteen (13) major PODs, illustrated the 
wide disparity found on a monthly basis among three impor- 
tant factors of concern to managers of a containerized ex- 
port cargo transportation system, namely, the average age 
p cargo at stuft, cube utilization op the containers, and 
single consignee proportion. This phase demonstrated that 
Wide ranges could be expected for these relevant performance 
measures over an extended operating period. 

Thus, the first two phases demonstrated, by the use of 
seven computer programs, that it was possible to quantita- 
Шы уеу еу пае Ге сопгГатпет stuffing station operation. 

Several ОТОС роп се сап Dercxteracecad strom the 
regression analysis concerning the.average age of cargo at 
ο ο Om μοι ο small- volume consipnees, this value was 
rec tedio Evo variables, the break-bulk point volume (the 
most significant) and the average days between lifts; for 
. the 143 medium-volume consignees, by three variables, thc 
осал Іс еп етісіп Gonsipnee yans, the single consignec 
Paoportion (the most significant), and the average days be- 


tween lifts; and for the 136 large-volume consignces, by 
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two variables, the consignee volume and the average days be- 
tween lifts (the most significant). 

Thus, while the small and medium-volume consignees can, 
through a variety of methods involving ordering and mixing 
cargo, alter the average age of cargo at stuff, the large- 
volume consignees have little control over this variable 
Br cause the ape of Cargo for them is determined primarily 
by the frequency of ship arrivals, s the average days 
between lifts variable. 

Furthermore, the regression analysis illustrated that 
BEuuchnabetter frt can be produced when the consipnees are 
divided on some common basis such as total volume instead 
ei being aggregated into one general grouping. When mixing 
of the consignees was done, the SE-DPV and SERC values in- 
creased and the R^ value decreased making it much more difficult 
to determine the relationship between the various independent 
variables and the average age of cargo at stuff. 

The end result of the data analysis techniques is two- 
mould, “Firstly, a quantitative evaluation can be conducted 
in which raw data is examined and analyzed for pertinent in- 
Bormatıon.  Seconaly, the age of cargo at stuff, an important 
performance parameter at the container stuffing station, can 
be employed as the dependent variable and through regression 
analyses, a determination can be made as to what variables 
ы ес 1t. 

These two points are important to hoth the monitoring 


ποπ at MOTRA whose mission it is to oversee the activities 


15 








at the stuffing station and the individual consignee whose 
well-being is directly related to the ability of the stuff- 
ing station to accomplish its objective of responsive, in- 
expensive, and secure shipping to the numerous overseas 


commands of the United States. 


74 





CARRIER 


AML 
AML 
APL 
APL 
MTSN 
MTSN 
MTSN 
PFEL 
PERL 
SLND 
55С 
SSC 
STLZ 
STLZ 
USLX 
USLX 


Note: 


(1) 
(2) 
(3) 
(4) 


(5) 


Table 


Size 


APPENDIX A 


1 CONTAINER DESCRIPTION 

MAX. MAX. 
ЛЕ СОВЕ МЕІСНТ МОМВЕК 
20 1.119 40,000 | 
40 2505 46,000 2 
20 1134 40,300 3 
40 2394 45,000 4 
20 1100 40,000 5 
24 1127 46,200 6 
40 2.580 46,200 7 
20 i ales 40,300 8 
40 2598 46,000 9 
S 2090 45,000 10 
20 1144 38,000 11 
40 2385 46,000 57 
27 1791 46,000 13 
40 2581 46,000 14 
20 1105 40,000 15 
40 2598 46,000 16 
s Jength in f*Feet. 


Max, Cube is 1n cubic feet. 


Max. Weight is in pounds. 


Number 
lation 
AML = 
APL - 
MTSN - 
ΕΕ... 
SEND = 
SoG x 
ον 


US X 


is the number used by computer for simu- 
uns 

American Mail LIne; 

American President Lines; 

Matson Navigation Company; 

Baceıtıe karskast. Lines, 

Sea-Land Service; 

States Steamship Company; 

Soeatraln Lines; 


United States Lines. 
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Table II. SAMPLE FORMULAE 


Average age of cargo at stuff (t) for a POD or consignee. 





Diba X; = individual shipments 
t = 1 = Са) = 
2%; t. = age of individual shipments 
1 ° . 
in days πο νὰ. ЭШ) 


Standard deviation of age of cargo at stuff СЕ 


2 2 
ΗΝ ο 
Ed =_= изои n = number of last shipment 
n segments. 


Cube utilization by container type (u) for a POD. 


ОО) for the 16 
different types of containers 
available: 


V. 
II 


Уу Velneo inciviqual ship- 
Jd ments s ον η], 





J J A number Of Containers of type 
J у Dat are Used j = (1% 106) 


6. - total volume available for 
J that type container 
Шы rel) 


πη“ deviation ot cube utilization au να POD, 
sd 


КОО 7 
C.N 


EIU О К Ост е proportion (p) by container type for a POD. 


Vi, 7 volume cmt.) 3n singke 
EE J consignee vans. 
DIU 
j Mee - total volume shipped to 
J^ individual consignce- 
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Table III. ALPHABETIZED RAW DATA 


The following table is an example of the raw shipment data 
Bolllected by MOTBA on the Container Stuffing Station operation 
Hor tie period under consideration after it was arranged in 


παδετις order by the computer. 


WATER TRANS. 
TYPE VOLUME WEIGHT NUMBER RECEIPT COMM. ACCOUNTING 

POD CONSIGNEE CARGO Cu.Ft. 155. PIECES DATE CODE CODE 

CX4872 ўї 48 2688 96 108 645 А000 
AF4 FE4684 7 184 4725 1 13 518 F8A0 
BA1 AF6102 Q 394 10640 7 32 532 A205 
ВА1 AF6149 150 4140 5 87 508 А205 
BA4 M95121 Z 1300 5806 358 108 729 M311 
CKA AF3225 7 184 3680 1 13 518 A240 
CK2 N00389 7 450 15750 450 61 518 N104 
HA4 FB5587 7 5 42 | 55 700 F8A0 
JF1 AK4733 7 166 1252 1 27 590 A13E 
JF1 FG5621 7 2 56 1 79 700 F8A0 
JG1 FB5620 N 23 526 | 59 635 ESAO 
КАЗ АТО499 7 12 90 2 109 700 А205 
RAS BTHBO1 7 SES V KT: 2 44 590 A452 
RAS CT0911 123 2847 3 5 A209 
КАЗ СТ0911 7 234 5 iil 543 A209 
RA3 CT0911 2 44 2 54 705 А209 
UD6 AT4213 140 6600 200 81 51W A000 
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Table IV. DATA SUMMARY FOR DISTRIBUTION AUDIT 


Period Analyzed - 1 July to 31 October 1973 123 days 
Shipments 43,984 shipments 
Volume of Cargo 20020 500 ЕПС teen 
Weight of Cargo б5,095,560 pounds 
Number of PODs 110 


Number of Consignees J 622 





Table V. INFORMATION OBTAINED FROM DATA 


The specific items that were identified during the dis- 


tribution audit are listed below. 


ITEMS IDENTIFIED 


Volume - by Shipment 
Шо Сал for period 
Average per shipment 
Std. Deviation 
Intervals for shipments 


Werght = Бу Shipment 
Total for period 
Average per shipment 
Std. Deviation 
Intervals for shipments 


Density - by Shipment 
Average per shipment 
Std. Deviation 


Exception Handling Codes 


Commodity Codes 


Ponsienee activity at Container 
Suite station (Volume and 
Weight Intervals and Percentage 


breakdown) 


ЕСІ 


> > bd >< 


PA >ч >< >< 


x >< >> 


Daily operational activity at Container 
Stuirine Station (Daily Volume, Weight, 


and Shipment breakdown) 


BASIS 


CONSIGNEE 


PS PS PS PS < >< >< >< 


> >< 





OTT‘ ves 
А LE 
2098 
658908 
9774798 
ў89°©6/ 
TS6*'v04Z 
cS0'804 
162*0ї 





SEM 
ΠΗ 


II oril 
Oc Op I 


PI9 O0T/ €T 
8724569“7Т 
989767 CT 
СТТ“ 6891 


911079“ 0Т 


yy2°Sst 


Προ [7] 
oy Low 


INNTOA 


ΠΟΥΣΠΗΛΥ 


STP 
9£0* ZI 
200%у</ 
ср ο. 
EI, 20% 
ο ο 
ος στο 
6ES ST 


INNTOA 


WIOL 


DOT 
v6'8 

ZU cS 
er UES 
Lv 669 
S S 7.03 
ο. ορ 


9776 


als ON 
Joy av 


λάν Νας ATIVA NOILVLS ONISASNLS YANIVINOO 


BST 
8? ў 
Cal ZU: 
646΄ 8 LI 
TOL‘ 6 Zul 
T6r's Zu 
1906 8} 
I9ç 2 SI 
391 sl 
 "dIHS = SAV 
ЧЯЗИЛХ “ON 
"IA ӘТЯеІ 


SOBRIDAY ΑΤτεῃ 
ΑΕΡΤΤΟΗ 
Жерлпзес 
Аертлі 


Aepsınuy 


ÁBPSIUPOM 


ABPSSN] 
A? puo« 
“Pp puno 


Ava 
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Table VII. 


WEEK 


EO . 
ГІ. 
12. 
ne 
14. 
I. 
16 
NT. 


Weekly Average 


NUMBER 
SHIPMENTS 


2,444 
ТЕ 
3,141 
2.956 
$,414 
4,044 

965 
2,805 
2,641 
1,994 
2,425 
2,787 
2,485 
2,521 
IC 
2,653 
1,983 


2,505 


8] 


VOLUME 
261,448 
287,444 
278,591 
232,296 
284,814 
508,446 

88,024 
208,179 
196,694 
164,170 
206,833 
215,422 
199,702 
192,863 
135,552 
194,328 
140,028 
206,054 


CONTAINER STUFFING STATION WEEKLY SUMMARY 


WEIGHT 
3,921,219 
4,527,403 
4,997,751 
3,571,542 
5,151,369 
5,844,244 
1,484,204 
3,908,164 
3,625,615 
3,071,826 
3,837,876 
4,308,528 
SS τῇ 
3,600,097 
J 76 5255 
3,842,275 
DEC 312 


Eoo IT 





Pape Vill. ¿TYPE OP CARGO CODE 


ГОРЕ TYPE OF CARGO 

А Radioactive 

B Unassigned 

C Concurrent HHG or ου 

D Contaminated Cargo (other than Label) 

E Dangerous Article: (Empty babel) 

F Fireworks 

G Green Label (Nonflammable Gases) 

H Subject to damage from heat 

f. Unassigned 

M Magnetic 

N Dangerous Arireles (ie, Mabel required ) 

О Unassigned 

р Polson 

Q SUD ee o Пашаре rom Ireczing 

R Red Label (Explosives, Inflammable Liquids 
or Gases) 

5 Poison Gas Label 

T Tear Gas Label 

DV Unassigned 

W Witte ους. ce e sr hlkaline Caustic 
Liquids) 

X Unassigned 

Y Yellow Label (Inflammable Solids or 
Oxidızing Material) 

Z Мо special type ol carro code applicable 

Note: "Label" means the caution label that is required to be 


placed on the cargo by government regulations. 
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Table IX. WATER COMMODITY CODES 


CODE SERIES COMMODITY GROUP 

100-149 Chili 

RS 199 | Income 

200-293 Bulk: 

300-5359 Privately Owned Passenger Veh. 
360-389 Baggage 

390-399 Household Goods 

400-489 Ammunition and Explosives 
490-499 Radioactive Waste 

ШЕ 99 General Cargo 

800-899 Special Cargo 

900-999 Aircraft (assembled) 
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Table X. TABULAR DATA - 13 MAJOR 


SHIPMENTS 


lo I Shipments of 13 PODS 
Total Shipments of all PODS 


Lomeentage ot Total Shipments (13 PODS) 


VOLUME 
itetcal Volume ος 15 PODS 
Total Volume of all PODS 
Average Volume/Shipment (13 PODS) 


Percentage of Total Volume (13 PODS) 


WETGHT 
Total Weight of 13 PODS 
ota Metlent ot all PODS 
Average Weight/Shipment (13 PODS) 


Шэшсепсасе өш Total Meight (13. PODS) 


DENSITY 


A emage Density of 13 PODS 
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PODS 


36,537 
43,984 
83.07% 


2 
3,620,506 
72.903 


82.56% 


ИЕЛЕ IS 
65,695,580 
AS 


78.815 


CU ГЕ, 
си τὸ. 


CUu st 


Ίος. 
1bs. 


155. 


22 το αρ cu ee 





Table XI. 


Container Type No. 10 


SAMPLE SIMULATION DATA-1 


AVERAGE 
AGE 


-] O 310 мм ІЛ му DW -J - FR NN CN ο 6ο - O9 бо бо UN Qu л c 


2500 
2350 
2982 
DE 
аа 
-800 
ην 
20755 
.576 
„боо 
„966 
2970 
"5 7 
.456 
29520 
372 
‚466 
22505 
к О; 
939 
L 170 
.946 
20:50 


AVERAGE 


CUBE 


UTILIZATION 


το. 


68 


17 
τα 


73 


ТА 


836 


59 
6°: 
ΤΙ. 
oe 
τος 
πα 
Lon 
19% 
74. 
{ο 
132 
„950 
74. 
ES: 
το. 
74. 
το. 
ο... 
20 
.658 
ο. 
Вэ 


898 
0972 
315 
429 
973 
2. 
229 
2155 
500 


507 
474 
405 
694 
529 
795 
122 


007 


του ασ, 1 


SINGLE 
CONSIGNEE 


PROPORTION 


‚000 
2905 
. 628 
.846 
25 
2929 
.889 
πος 
‚945 
. 794 
ey. 
‚8610 
T907 
«808 
πο 
UL 
ΟΣ 
1002 
‚8806 
.854 
Au 
ZO 
δη 


ο Cc C C O CO © © CO CO CO CQ» ουν ο © С ον E A 


чан æ --- m A == ғат ж. ә. ж. ж. ж. <. = ше ш ж- -” el шз ть ғ ға жш -. а. == ш= -- ш = мж а, ым - - = == шт та ж. а. т= = = 


= = = а. а. ж ρω -. ж. ж. ж. -. ж. -. .. — — — <H <  ---ωο  -  - - ο ο т= «ч«« == -- «« а. а. «. ж а. жа 


NUMBER OF 
MONTH CONTAINERS 
1 55 
2 2 
5 29 
4 26 
S 67 
б 56 
7 45 
8 55 
9 55 
10 54 
je 38 
12 42 
15 45 
14 55 
BS 19 
16 42 
w 49 
18 51 
19 44 
20 41 
21 38 
22 45 
23 35 
24 49 
Totals 
Two Yr. 1006 
Period 
Range 19 
of to 
Obs. o 


08. 
to 
[os e 


4 59 


20 





Table XII. SAMPLE SIMULATION DATA-2 


Container Type No. 8 POD No. 7 
AVERAGE SINGLE 
NUMBER OF AVERAGE CUBE CONSIGNEE 
MONTH CONTAINERS AGE UTILIZATION PROPORTION 
1 53 Sc JA 10.879 0.909 
2 109 9,878 7330537 0.982 
3 36 5.000 732017 Ου 
4 48 1 2055 79.354 0.938 
5 18 152578 82.500 0.833 
6 = = = E 
T 20 5.959 82.546 τ; 
8 69 9.675 79.478 Dom 
9 46 11.495 Shee des 0.978 
10 36 CORTOT 79:52:27 0 972 
ДЕ 9 Sd πο 2ο. 0.889 
12 27 2.014 ©0857 0.926 
ES 47 0:397 τη ο 5 22570 
14 85 Ша о» 78.788 0.976 
15 41 4.155 οἱ 512 1.000 
16 47 11.188 79.128 0.936 
E zul 22102 80.429 1.000 
18 57. 10.878 9 511 0.946 
19 2 αι ο 71.000 0.500 
20 = ΠΟΙ uo 0.943 
21 67 192936 "πῃ 0.940 
22 e 0.055 80.161 0.968 
2:5 15 192070 τι ους 0.507 
ОЛКЕ υπ... o E JN OM oe 0.895... 
Total 
Iwa yT. 922 9.405 79.9505 0.950 
Нм аа use 
Range 0 2 162 τι 000 0.500 
of to to to to 
Obs 109 AO 625500 J 000 
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Table XIII 


Container Type No. 


NUMBER OF 


MONTH CONTAINERS 


б 


SAMPLE SIMULATION DATA-3 


AVERAGE 


АСЕ 


„425 
‚180 
120 
‚693 
.089 
.608 
‚549 
‚219 
„789 
„799 
.198 
πι. 
„075 
10.539 
3.763 
2.902 
6.106 
ο an 
5 
3 
7 


A N (4 СО С О ὃν ко СО м Ut CQ со 


‚450 
.696 
677 
10.924 
561982 


AVERAGE 
CUBE 


UTILIZATION 


87 


82 


uo 
86 


бо 


76 
82 


81 


. 000 
81. 
sh. 
84. 
22, 
‚640 
Lon 
„824 
29:7 
52 
. 545 
2 UN, 
2057 
84. 
09: 
бг, 
81% 
84. 
2590 
74. 
.444 
ος 
.805 


439 
667 
786 
255 


872 


932 


345 
583 
155 
550 
5:57 


500 


POD No. 


SINGLE 
CONSIGNEE 


PROPORTION 


.000 
ӘЛІШ 
ο 
‚000 
.000 
2920 
ста 
‚000 
.000 
ν᾽ 
2910/9 
ή 
929 
‚000 
.667 
.000 
.889 
2000 
„ОБ Г 
‚780 
.861 
2057 
.854 


© OO O О ο - СОО Іі СО E ο CD C ου Еі LL Co CO B E co C5 p 


-_ O  - -””- - o M "- | жш. - --.ωω ee ασ  - - - - - — — = — = πα 


— == = ж == шь = = жш == = тш — “<  - - -- < < < wie ei "- Pt 


1 51 
2 41 
B ДІ 
4 14 
5 50 
6 50 
7 59 
8 ПЕЙ 
9 ού 
10 
11 
r 22 
1.3 14 
14 55 
1 12 
16 15 
17 9 
18 95 
19 47 
20 14 
21 56 
22 55 
25 41 
24 25 
Totals 
το TS 850 
Period 
Range 9 
OT to 
Obs. 96 


87 
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Laole IV CONSIGNEE ACTIVITY LEVELS 


Tl D naor PODS account for 36,537 Shipments or 83.1% 
Ше гһе total number handled during the period under consid- 
maton. There are 556 consignees that are serviced by the 
13 PODs and the following table provides a delineation of 
пе асбіуіту that each consignee contributes to the POD 


(proportion by volume). 


Activity Number of Percentage or 
Rate Consignees Consignees 
Less than .1% ААТ 49.8 
mits - .995 145 25 
Шо - 25 48 28.6 
5 - 5% 16 νη 
3% - 4% 20 SESTO 
4% - 5% 4 (m 
5% = 5 12 | D 
7% - 10% 8 A) 
(0% - 155 7 s 
5, - 2059 2 0.4 
20% - 505 9 | 1:26 
Greater than 30% 10 leas 
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THE FCLLCWING TABLE ICENTIFIES THE FREQUENCY GF OCCURRENCE FOR SHIPMENTS IN EACH INTERVAL FOR VOLUME MEASURED IN CUBIC FEET 
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THE FOLLCWING TABLE IDENTIFIES THE FREQUENCY OF ОССОКВЕМСЕ FCR SHIPMENTS IN EACH INTERVAL FOR WEIGHT MEASLREO IN POUNDS 
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CENTIFIES TFE FREQUENCY ОР OCCURRENCE FOR SHIPMENTS IN EACH INTERVAL FOR DENSITY MEASUKED IN POUNOS PER CU.FT. 
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THE FOLCCWING TABLE IDENTIFIES THE FREQUENCY UF OCCURRENCE FCR SHIPMENTS IN EACH INTERVAL FOR VOLUME MEASURED IN CUBIC FEET 
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S IN EACH INTERVAL FOR WEIGHT MEASURED IN POUNDS 
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THE FOLLCHING TABLE IDENTIFIES THE FREQUENCY UF OCCURRENCE FOR SHIPME 
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NTS IN EACH INTERVAL FOR OENSITY MEASUREO IN POUNDS PER CU.FT. 
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TABULAR SUMMARY TA8LE’ OF POD PERFORMANCE 
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